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Abstract: The taste-modifying properties of nanofibrillar cellulose (NFC) and
carboxymethyl cellulose (CMC) are compared for the first time. The samples
were prepared in the form of gels, with and without added sweet and bitter taste
components. As viscosity itself is known to affect taste perception, the viscosities
of NFC and CMC samples were set to the same level as shear rates commonly
found in the oral cavity. A trained panel of 10 assessors evaluated the bitterness
and sweetness of the samples. Further, the assessors were given an opportunity
to describe the samples in freewords. The taste-modifying capacities of the thick-
ening agents were at the same level when sweet compounds were added. How-
ever, CMCwas better able to reduce the bitterness of quinine hydrochloride than
NFC, which did not show any bitterness-reduction ability with the compound.
This was unexpected, as our previous studies of NFC showed fairly high bind-
ing capacity with quinine. The open-ended responses revealed that the NFC-
containing samples had an astringent sensation,while certain assessors observed
a sensation of saltiness in the CMC samples. This may explain the inability of
NFC to mask the bitterness of quinine hydrochloride, as astringency may act as
a bitterness enhancer, while saltiness may suppress it. Both thickening agents
were perceived as slightly bitter. Our study reveals the need for further assess-
ment of the orosensory properties of NFC, particularly the magnitude and origin
of its astringency, before it can be fully utilized in food industry applications.
KEYWORDS
nanocellulose, taste modification, bitterness, sweetness
1 INTRODUCTION
Of the taste modalities, bitterness in particular is often
descried as unpleasant. The bitterness has therefore been
reduced bymanymethods, involving the removal of bitter-
tasting compounds or adding other flavors to suppress or
mask the bitterness, the use of physical barriers includ-
ing encapsulations, coatings, or emulsions, and the use
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.
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of bitterness-inhibiting compounds (Gaudette&Pickering,
2013; Ley, 2008). Bitterness reduction is an important ques-
tion for both pharmaceutical and food development, but
the objectives are different: The development of pharma-
ceuticals aims to reach a palatable/pleasant level of bitter-
ness, while the objective of food development is to modify
the overall sensory profile to be desirable for consumers
(Gaudette & Pickering, 2013).
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Using physical barriers to reduce bitter compounds from
coming into contact with taste receptors by restricting
their release of them during in-mouth processing or by
inhibiting their interactions with receptors is one pos-
sible approach to suppress bitter sensations originating
from food (Sun-Waterhouse & Wadhwa, 2013). Increasing
the viscosity is one approach used when utilizing phys-
ical barriers. Numerous studies have reported the effect
of increased viscosity on bitterness. Moskowitz and Ara-
bie (1970) studied the effect of viscosity on perceived taste
intensity using various concentrations of carboxymethyl
cellulose (CMC) and taste compounds including glucose,
citric acid, sodium chloride, and quinine sulfate. The
increase in viscosity caused a decrease in the taste inten-
sities and even in the nondetectable taste with bitter qui-
nine sulfate at low concentrations (Moskowitz & Arabie,
1970). Pangborn et al. (1973) investigated the capacity of
CMC (at low andmedium viscosities) alongside with other
hydrocolloids, such as hydroxypropyl cellulose, sodium
alginate, and xanthan, to decrease the bitterness inten-
sity of caffeine. The decrease in the intensity of bitterness
was achieved with CMC at low viscosity, and with sodium
alginate and xanthan, while CMC at medium viscosity or
hydroxypropyl cellulose did not have similar effects. This
proposes that the nature of the used hydrocolloid has an
effect on its bitterness suppression capability (Pangborn
et al., 1973). Further, in a study by Smith et al. (1996), the
bitterness intensity of grape-seed tannins was not affected
by the increase in CMC concentration atmedium viscosity,
whereas their astringency was.
New viscosity-modifying cellulose materials are emerg-
ing that may alter taste in the same way as CMCs do. A
family of nanocellulosematerials in particular has recently
attracted a great deal of attention. They are materials with
nanoscale widths produced either with chemical, enzy-
matic, or physical methods from cellulose fibers (Klemm
et al., 2011). These materials have large surface areas and
surface functionality and thus they are easily chemically
modified. Furthermore, they have suitable rheological
behavior for the stabilizing and emulsifying applications
in the food industry (Gómez et al., 2016; Lee et al., 2017).
Particularly for the purposes of food packaging, dense net-
work and thus goodmechanical and barrier properties and
transparency are advantageous properties (Lee et al., 2017).
Based on present knowledge, nanocellulosematerials have
no or low toxicity (Gómez et al., 2016; Lee et al., 2017).How-
ever, further research is needed in this area (Gómez et al.,
2016; Lee et al., 2017).
The markets for nanocellulose materials as food addi-
tives are still narrow. Although previous problems con-
cerning the cost of the manufacturing processes have
been overcome, Gómez et al. (2016) note more research is
needed on the behavior of nanocellulose materials in com-
plex matrices such as food. Thus, there is no enough evi-
dence concerning the safety of nanocellulose materials to
progress with their wider utilization in commercial food
products. Further, to our knowledge there are no system-
atical studies involving several taste compounds regarding
the possible effects of nanocellulose materials on the taste
of food. A study by Agarwal et al. (2018) found that soft-
wood cellulosic fiber prolongs the salty taste of the sam-
ples. In a study by Golchoobi et al. (2016), no taste changes
were found in mayonnaise samples with added nanofibril-
lar cellulose (NFC) when using hedonic scale from 1 (very
poor) to 5 (great).
In our recent study, we revealed that NFC interacts with
certain taste compounds such as quinine, caffeine, stevio-
side, and naringin (Manninen et al., 2020).Measured bind-
ing constants varied from 70M−1 for caffeine to 14300M−1
for quinine. These interactions are in the same order
of magnitude as seen between quinine and L-lysine and
L-arginine, which were able to suppress the bitterness of
quinine according to sensory studies (Zhang et al., 2016).
However, as we only performed chemical analyses in our
previous study, it remains unclear whether the interac-
tions we observed, particularly with quinine, would actu-
ally play a role in taste perception and whether they are
strong enough to cause the suppression of bitterness and
sweetness. In this study, we therefore aimed to evaluate
whether these interactions between NFC and taste com-
pounds are strong enough to change the intensity of the
studied taste modalities. We tested our hypothesis of the
taste-modifying properties of NFC by comparing these
properties with CMC, which is commonly used as a thick-
ening agent and have been demonstrated to have some
abilities to reduce bitterness.
2 MATERIALS ANDMETHODS
2.1 Materials
NFC samples were purchased from UMP Biomedicals
(Finland). The used material was 1.5 wt% hydrogel
(Growdex R©). Food-grade CMC sodium salt (Cekol R© 4000)
came from CP Kelco (Finland). The studied taste com-
pounds were quinine hydrochloride dihydrate (QHCl,
Sigma Aldrich, St. Louis, USA), steviol glycoside by
Govinda Natur (Neuhofen, Germany), caffeine (Sigma
Aldrich), and sucrose Alfa Aesar 99% by ThermoFisher
(Kandell, Germany).
2.2 Viscosity measurements
The viscosities of the NFC and CMC samples were mea-
sured with Rheometer Physica MCR301 using the RHEO-
PLUS application. A viscosity of 0.5 wt% NFC prepared
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TABLE 1 The prepared references and test samples for the sensory evaluations
Name Thickening agent Reference The final conc. of taste compounds (wt%)
Sweetness 1 Water Sucrose 2
Sweetness 2 Water Sucrose 4
Bitterness Water QHCl 0.0005
Number Sample
1. NFC None –
2. CMC None –
3. NFC Sucrose 4
4. CMC Sucrose 4
5. NFC QHCl 0.0005
6. CMC QHCl 0.0005
7. NFC Caffeine 0.04
8. CMC Caffeine 0.04
9. NFC Steviol glycoside 0.008
10. CMC Steviol glycoside 0.008
F IGURE 1 The results from the viscosity measurements of
shear rates (γ, 1/s) and viscosities (η, Pa•s) in logarithmic scale. NFC
0.5% is marked with circles, CMC 0.4% with diamonds, 0.5% with
triangles and 0.6% with squares
from 1.5 wt% stock by carefully mixing it with Milli-Q
(MQ)-water was measured three times. The NFC concen-
tration was chosen so that clear thickening was seen in
the samples, but the concentration level was kept as low
as possible to minimize the exposure of the assessors to
NFC. We compared three CMC sample concentrations,
ranging between 0.4 and 0.6 wt%, with the NFC. The sam-
pleswere prepared byweighting a required amount of solid
CMC with MQ-water, and carefully mixing to ensure that
the samples were uniform and did not contain any bub-
bles. In the literature, shear rates of 50 1/s and between
10 1/s and 1000 1/s depending on the flow characteristics
of the food have been reported for foods in the oral cavity
(Shama & Sherman, 1973; Wood, 1968). As the exact shear
rate of samples in the mouth was unknown, we inspected
the region between 10 and 1000 1/s. In this area, the aver-
age viscosity of the NFC samples in the 0.5 wt% concen-
tration was between the viscosities of the CMC samples
in the concentrations of 0.5 wt% and 0.6 wt%. However,
the viscosity differences measured for the CMC concen-
trations were approximately in the same order of magni-
tude as the differences between theNFC replicates. For our
study, we therefore chose the same weight percentage of
0.5 wt% for both CMC and NFC. The results from the vis-
cosity measurements in log-scale can be seen as a graph in
Figure 1.
2.3 Sample preparation for sensory
evaluation
The samples containing taste compounds and a thicken-
ing agent, either NFC or CMC, were prepared by mix-
ing a required amount of taste stock solution with CMC
or NFC to reach a final concentration of 0.5 wt% of the
thickening agents and selected final concentrations of the
taste compounds, as indicated in Table 1. All samples
were mixed carefully for at least 30 s to form uniform
samples. The stock solutions for taste compounds were
used to prepare both the samples and references. Stock
solution concentrations were 8 wt% for sucrose, 0.1 wt%
for caffeine, 0.005 wt% for QHCl, and 0.08 wt% for ste-
vioside. The weighted amount of taste compounds was
dissolved into weighted amount of active carbon-filtered
water to reach the concentrations wanted. The solutions
were carefully shaken, and the homogeneity of the solu-
tions were ensured before sample or reference prepara-
tion. The reference samples were prepared by diluting
weighted amount of sucrose and QHCl stock solutions
with weighted amount of water to reach final concentra-
tions indicated in Table 1. All the samples were presented
to the assessors at room temperature.
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F IGURE 2 The serving of the samples
2.4 Sensory panel and training sessions
The sensory evaluation was performed in the ISO8589
standardized sensory laboratory of the Functional Foods
Forum (University of Turku). Altogether 10 voluntary
assessors (nine females, one male, working-age adults)
participated in the study, all with backgrounds in sensory
profiling via various projects and known abilities to iden-
tify and rank taste compounds. The ethical statement for
the study was applied from the University of Turku Ethics
committee (statement 56/2019) and informed consent was
obtained from each subject prior to their participation in
the study.
Training for the analysis consisted of two training ses-
sions lasting approximately 1 hr each. In the first session,
the panelists were asked to evaluate the bitterness and
sweetness of five randomly chosen samples out of a set of
10 samples presented in Table 1 (except for caffeine) using a
line scale (0 to 10) and to provide additional remarks about
them. The latter five sampleswere introduced and assessed
during the second training session. After the trainings, we
increased the caffeine levels from the original 0.004 to
0.005 wt% used during training to enhance its perception.
Furthermore, the reference samples and their intensities
were agreed upon in the training sessions.
2.5 Sensory evaluation procedure
The samples were weighed on plastic spoons to reach a
weight of 3.5 g per sample. The spoons were placed against
the side of a tray to help the assessors lift them. Approxi-
mately 40 mL of each reference taste solution was served
with the samples. To minimize the possible effects of the
slight color differences in the samples, the samples were
presented to the assessors on white plastic spoons and
red lighting was used during the evaluation sessions. The
placement of the spoons and references on the tray are pre-
sented in Figure 2. The samples were expectorated after
tasting. Wheat crackers and water were served with the
samples and the assessors used them to clean their palates.
The assessors were guided to ask for a replacing sample if
needed.
The assessors were asked to rate the intensity of
the bitterness and sweetness of each sample using a
continuous line scale from 0 (no sensation at all) to
10 (extremely strong). Participants were additionally
instructed to describe the samples with extra comments
when needed. The sweetness intensities of reference sam-
ples with either 2 wt% or 4 wt% of sucrose (sweetness 1
and sweetness 2 in Table 1) were agreed to have sweet-
ness values 4 and 8 in trainings. The bitterness intensity
of reference sample containing QHCl in the concentration
of 0.0005 wt% was agreed to have bitterness value of 5.
All samples were evaluated as triplicates in different ses-
sions. Compusense cloud (Compusense, Inc., Guelph, ON,
Canada) was used for data collection in the sensory labo-
ratory.
2.6 Statistical analysis
The statistical analysis was performed using IBM SPSS
Statistics 25 (IBM, Armonk, NY, USA). The normality
of the results variances of for each sample was tested
with Shapiro-Wilk (p < 0.05). As most of the variances
were nonnormally distributed and further, the data were
nonindependent, a nonparametric Wilcoxon signed-rank
test was performed to evaluate the statistical differences
between the samples containing the same taste compound
addition but different thickening agent (NFC or CMC).
Each pair of thickening agents with a different taste com-
pound were studied separately. Further, all the samples
with different taste compound additions and/or thicken-
ing agents were compared using the Friedman test and
Wilcoxon tests with Bonferroni corrections. The criterion
for statistical significance in all the tests was p < 0.05.
Differences among sample ratings in bitterness and
sweetness were analyzed by applying a two-way mixed
factorial ANOVA model for all the samples (fixed fac-
tors), sessions and assessors (random factors) with
the sample effect and session x assessor and sample
x session interactions. The Tukey’s HSD post hoc test
was used to identify between-group differences. In
addition, Friedman and Wilcoxon tests with Bonfer-
roni corrections (p < 0.05) in the case of nonnormally
distributed variances were applied. This was done
by either comparing the scores given to each sample
in the three evaluation replicates (reproducibility) or
the scores given to each sample by different assessors
(consensus).
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TABLE 2 Sample numbers, thickening agents, and added taste compounds, and perceived intensities of bitterness and sweetness means,
standard deviations, and statistical differences. Statistical differences of sample pairs with different thickening agents but the same compound
addition are marked according to the nonparametric Friedman and Wilcoxon signed rank tests either with * if p < .0.05, ** if p < 0.01, and ***
if p < 0.001
Bitterness Sweetness
Sample Thickening agent Taste compound Mean SD Mean SD
1. NFC None 1.65 1.71 0.15 0.29
2. CMC 1.97 1.87 0.48 0.78
3. NFC Sucrose 0.31 0.62 6.74 1.46
4. CMC 0.40 1.23 6.46 1.76
5. NFC QHCl 6.17*** 2.08 0.04 0.10
6. CMC 3.73*** 2.12 0.54 1.03
7. NFC Caffeine 5.88 2.32 0.03 0.08
8. CMC 4.35 2.70 0.18 0.47
9. NFC Steviol glycoside 1.22 1.37 3.85 1.60
10. CMC 1.21 2.03 4.46 1.68
3 RESULTS AND DISCUSSION
3.1 Panel reproducibility and consensus
We evaluated panel reproducibility and consensus using
two-way ANOVA and post hoc tests or the Friedman and
Wilcoxon tests, as described in detail previously. Based on
the two-way mixed factorial ANOVA model samples were
different, but the sessions were not. Moreover, the interac-
tions sample x session for the bitterness (F18,162 = 1.110)
and sweetness (F18,162 = 0.509) as well as session x asses-
sor for the bitterness (F18,162 = 1.357) and sweetness
(F18,162 = 1.508) were all nonsignificant (p > 0.05). Sig-
nificant assessor effects were present for both bitterness
and sweetness. The differences between assessors were
expected as there are variations for the sensitivity for taste
perceptions as shown with caffeine and sucrose in Puputti
et al. (2018).
With non-normally distributed data, we observed no sig-
nificant differences between the assessors or triplicate sen-
sory evaluation sessions according to the Friedman and
Wilcoxon tests with Bonferroni corrections for bitterness
and sweetness. The only statistical difference we found
was between the intensity of perceived bitterness in the
different evaluation sessions of the pure CMC samples
(Z = 2.527, p = 0.036), which had relatively low level of
bitterness.
3.2 Statistical differences between the
samples
The mean values of the samples’ sweetness and bitter-
ness are presented in Table 2 with standard deviations. We
foundno statistical difference (p< 0.05) between the inten-
sity of bitterness of pure thickening agents and samples
with added sucrose or steviol glycoside. The average bitter-
ness of theCMCandNFC thickening agentswithout added
of taste compounds were evaluated to be 1.97 ± 1.87 and
1.65 ± 1.71, respectively, indicating slight bitterness. This
is surprising, as to our knowledge, no prior studies have
indicated the bitterness of CMC or NFC. However, as bit-
terness is low, it is likely suppressed in actual food applica-
tions by other flavors present in the product. The samples
with added sucrose or steviol glycoside were perceived as
less bitter, with themean values being lower thanwith cor-
responding pure thickening agents. However, according to
the Wilcoxon signed-rank tests, these differences in bitter-
ness were statistically significant (Z = −3.943, p = 0.000)
only in pure NFC versus NFC with added sucrose. The bit-
terness of NFC andCMC thickening agents with added bit-
ter compounds were statistically significantly (p < 0.05)
more pronounced than with pure thickening agents, as
expected. CMC with bitter taste compounds were evalu-
ated as less bitter than NFC for both added bitter taste
compounds (QHCl and caffeine). We found NFC samples
with added QHCl (6.17 ± 2.08) to be statistically more bit-
ter (Z = −4.032, p = 0.000) than CMC (3.73 ± 2.12) with
the same addition. With caffeine addition, NFC (5.88 ±
2.32) was perceived as more bitter (Z = −2.369, p = 0.018)
than CMC (4.35 ± 2.70), but this difference was not statis-
tically significant when Bonferroni corrections were con-
sidered. Based on these results, it seems that the effect of
the thickening agents on the bitterness reduction is stimuli
depended as statistically significant differenceswere found
with QHCl while the differences were not significant with
caffeine. One possible explanation could be differences in
the possible chemical interactions between the CMC and
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studied compounds. For example, fluorescence indicator
method used prior to study the interactions between NFC
and taste compounds (Manninen et al., 2020) could pro-
vide useful information to evaluate this possibility. It is pos-
sible that CMCmay have a better antagonist capability for
TAS2R bitter taste receptors than NFC, but this should be
further studied. Further, it has to be noted that the changes
in concentrations needed to cause noticeable differences in
taste perceptions are different with each compound.
Compared to the reference sample, with the same final
QHCl concentration inwater with a set bitterness intensity
of 5, the NFC samples with added QHCl were evaluated as
more bitter, whereas the CMC samples with added QHCl
were evaluated as less bitter. This suggests that CMC addi-
tion decreases the bitterness intensity more significantly
than NFC, addition of which seems to even increase bitter-
ness intensity. The lower ability of nanocellulose to sup-
press bitterness was not expected as our hypothesis was
that NFC could have a pronounced effect on the taste
of bitter compound quinine. The hypothesis was based
on our previous study (Manninen et al., 2020), where we
showed that the binding of some compounds to nanocel-
lulose material may be fairly significant, especially in the
case of quinine, whose binding constant was measured to
be 14300 M−1. One possible explanation for the observed
behavior may be that the interactions seen in fluorescence
indicator studies (Manninen et al., 2020) are simply too
small to have an effect on taste and thus to be noticed in
sensory studies. Furthermore, the required concentration
for bitter compounds, such as QHCl, to be recognized is
lower compared to the concentration required for many
sweet compounds such as sucrose (Chang et al., 2006).
Quinine hydrochloride activates taste receptors even at low
concentrations, and the concentration used in this study is
high apparently enough to prevent QHCl from fully bind-
ing to NFC.
The average sweetness of pure CMC andNFCwere eval-
uated to be 0.48 ± 0.78 and 0.15 ± 0.29, respectively, which
are negatable perceived intensities. Further, adding bit-
ter compounds did not change this perception but adding
sweet compounds increased the sweetness, as expected.
According to the Wilcoxon signed-rank- test for compar-
ing the pairs with different thickening agents, pure CMC
was perceived as sweeter than pure NFC (Z = −2.232,
p = 0.026). However, with Bonferroni corrections, there
are no significant differences between CMC and NFC.
No statistical differences were found between CMC and
NFC thickening agents with added sweet-tasting com-
pounds. CMC (0.54± 1.03) was assessed as slightly sweeter
(Z = −2819, p = 0.005) than NFC (0.04 ± 0.10) with QHCl
addition, but with Bonferroni correction however, the dif-
ference was statistically insignificant. The difference may
at least partly be explained by the differences in bitterness
of pure thickening agents, as the perceived bitterness may
suppress the very slight sweetness that the pure thicken-
ing agents have. However, the sweetness level was very low
and close to 0 (no sensation at all). Sucrose samples with
CMC (6.46 ± 1.76) or NFC (6.74 ± 1.46) thickening agents
were evaluated as less sweet than the reference samples
at a set value of 8, with the same sucrose concentration
diluted with water. However, the standard deviations for
the assessments were high and thus the set sweetness of
the reference sample fit within these margins.
3.3 Open-ended question responses
The responses to open-ended questions were focused
mainly on chemesthesis/taste or on texture. The main
results of the chemesthesis or taste-related answers are
presented in Table 3.
Astringency was the most frequent description in the
open-ended responses especially for NFC-containing sam-
ples. This description was repeated multiple times for all
NFC containing samples. It was mentioned in approxi-
mately 45% of the 150 open-ended responses concerning
NFC-containing samples (only the most common descrip-
tions are shown inTable 3), while the termoccurred in only
8% of all the responses describing CMC-containing sam-
ples. Eight out of ten assessors perceived astringency in at
least one sample, and six out of ten mentioned it at least
once in all the NFC-containing samples. A tingly or burn-
ing sensationwas another commondescription,whichwas
found in both NFC (7%) and CMC (15%). A cooling sensa-
tion (NFC 7%, CMC 13%) and saltiness (NFC 1%, CMC 17%)
were also observed in many samples. These descriptions
were all more common for CMC than NFC, except for the
cooling sensation. Salty taste in particular was associated
almost exclusively with the CMC samples.
The literature shows that astringent phenolic com-
pounds, such as flavanol-3-glycoside, contribute to the bit-
terness of caffeine in tea samples (Scharbert & Hofmann,
2005). Further, saltiness is a known suppressant of many
tastes, such as bitterness (Keast et al., 2001). Thus, we
expect that both NFC astringency and potentially also
CMC saltiness have an impact on the perceived bitter-
ness of the samples. The cause of NFC astringency is cur-
rently unclear because, to our knowledge, cellulose chains
have not been shown to cause perception of astringency.
However, other effects, such as small particle size or the
possible remnants of native cellulose, may cause astrin-
gency.
We were unable to make any clear conclusions concern-
ing the descriptions related to the texture of the samples,
indicating that sample textures differed only slightly from
each other. Certain descriptions, including for example













































































































































































































































































































































































































thickness, were found from open-ended question responds
of all samples but were repeated only one to three times
per sample. Further, certain samples were described with
contradictory terms for the texture as for example NFC
+ QHCl samples were described as both ‘thick’ and as
‘runny’. As the viscosity of the sample materials was diffi-
cult to match due to the differences in the properties of the
thickening agents, the small differences in perceived vis-
cosity may affect the taste. However, the open-ended ques-
tions did not reveal major differences in the perceived tex-
tures of the samples.
4 CONCLUSION
The taste-modification properties of NFC and CMC were
compared for the first time by evaluating the bitterness
and sweetness of pure NFC and CMC and with added
taste compounds. As our study is one of the first to study
both taste-modification properties and the taste qualities of
NFC, we provide important information of the possibilities
of utilizing NFC in food applications.
In contrast to what we expected based on our previ-
ous studies of NFC interactions with taste compounds,
NFC does not act as a more effective bitterness modifier
than CMC, which was used as a reference. CMC with
added QHCl was perceived as less bitter than NFC with
the same addition. With added QHCl, NFC bitterness was
even more pronounced than the set bitterness of used
reference (QHCl in water) at the same final concentra-
tion. On the contrary, assessors evaluated the samples with
added sucrose and thickening agents as less sweet than the
reference samples containing the same concentration of
sucrose in water. However, as the comparisons were made
between set references and perceived intensities of taste
qualities, we could not perform statistical tests. Further,
large standard deviations suggest that the differences in
these cases may be statistically insignificant. Interestingly,
both thickening agents studied here were perceived as
slightly bitter. To our knowledge this has not been reported
before.
The open-ended responses revealed that NFC in partic-
ular was perceived as astringent. The astringency found in
the NFC samples may be one explanation for the inabil-
ity of NFC to reduce the bitterness of the samples and
for the increased bitterness of QHCl when added to NFC.
As astringency was not an expected characteristic, its
magnitude and cause were not studied but should be in
later studies. Furthermore, the same study should be con-
ducted with several concentrations of taste compounds,
particularly QHCl and thickening agents, to better under-
stand the underlying interactions.
NANOCELLULOSE AS A TASTE MODIFIER. . . 1935
ACKNOWLEDGMENTS
The Finnish Cultural Foundation is acknowledged for
funding of the study. Further, D.Sc. Ilari Jönkkäri is
acknowledged for the help in the viscosity measurements.
AUTH OR CONTRIBUT IONS
H. Manninen designed the study, collected the data, and
interpreted the results as well as drafted the article. M.
Sandell designed the study and drafted the article. S. Mat-
tila designed the study and participated in the data collec-
tion as well as drafted the article. A. Hopia and T. Laakso-
nen designed the study and participated in the drafting of
the article.
CONFL ICTS OF INTEREST





Agarwal, D., Hewson, L., & Foster, T. J. (2018). A comparison of the
sensory and rheological properties of different cellulosic fibres
for food. Food & Function, 9(2), 1144–1151. https://doi.org/10.1039/
C7FO01495C
Chang, W. I., Chung, J. W., Kim, Y. K., Chung, S. C., & Kho, H.
S. (2006). The relationship between phenylthiocarbamide (PTC)
and 6-n-propylthiouracil (PROP) taster status and taste thresholds
for sucrose and quinine. Archives of Oral Biology, 51(5), 427–432.
https://doi.org/10.1016/j.archoralbio.2005.10.002
Gaudette, N. J., & Pickering, G. J. (2013). Modifying bitterness in
functional food systems. Critical Reviews in Food Science and
Nutrition, 53(5), 464–481. https://doi.org/10.1080/10408398.2010.
542511
Golchoobi, L., Alimi, M., Shokoohi, S., & Yousefi, H. (2016). Interac-
tion between nanofibrillated cellulose with guar gum and carboxy
methyl cellulose in low-fatmayonnaise. Journal of Texture Studies,
47(5), 403–412. https://doi.org/10.1111/jtxs.12183
Gómez, H. C., Serpa, A., Velásquez-Cock, J., Gañán, P., Castro, C.,
Vélez, L., & Zuluaga, R. (2016). Vegetable nanocellulose in food
science: A review. FoodHydrocolloids, 57, 178–186. https://doi.org/
10.1016/j.foodhyd.2016.01.023
Keast, R., Breslin, P., & Beauchamp, G. (2001). Suppression of bitter-
ness using sodium salts. CHIMIA International Journal for Chem-
istry, 55(5), 441–447.
Klemm, D., Kramer, F., Moritz, S., Lindström, T., Ankerfors, M.,
Gray, D., & Dorris, A. (2011). Nanocelluloses: A new family of
nature-based materials. Angewandte Chemie International Edi-
tion, 50(24), 5438–5466. https://doi.org/10.1002/anie.201001273
Lee, H., Sundaram, J., & Mani, S. (2017). Production of cellulose
nanofibrils and their application to food: A review. In H. Lee, J.
Sundaram, & S. Mani (Eds.), Nanotechnology (pp. 1–33) Springer.
https://doi.org/10.1007/978-981-10-4678-0_1
Ley, J. (2008). Masking bitter taste by molecules. Chemosensory Per-
ception, 1(1), 58–77.
Manninen, H., Durandin, N., Hopia, A., Vuorimaa-Laukkanen, E.,
& Laaksonen, T. (2020). Taste compound: Nanocellulose inter-
action assessment by fluorescence indicator displacement assay.
Food Chemistry, 318, 126511. https://doi.org/10.1016/j.foodchem.
2020.126511
Moskowitz, H., & Arabie, P. (1970). Taste intensity as a function
of stimulus concentration and solvent viscosity. Journal of Tex-
ture Studies, 1(4), 502–510. https://doi.org/10.1111/j.1745-4603.1970.
tb00748.x
Pangborn, R. M., Trabue, I. M., & Szczesniak, A. (1973). Effect of
hydrocolloids on oral viscosity and basic taste intensities. Journal
of Texture Studies, 4(2), 224–241. https://doi.org/10.1111/j.1745-4603.
1973.tb00666.x
Puputti, S., Aisala, H., Hoppu, U., & Sandell, M. (2018). Multidimen-
sional measurement of individual differences in taste perception.
Food Quality and Preference, 65, 10–17. https://doi.org/10.1016/j.
foodqual.2017.12.006
Scharbert, S., & Hofmann, T. (2005). Molecular definition of black
tea taste bymeans of quantitative studies, taste reconstitution, and
omission experiments. Journal of Agricultural and Food Chem-
istry, 53(13), 5377–5384. https://doi.org/10.1021/jf050294d
Shama, F., & Sherman, P. (1973). Identification of stimuli control-
ling the sensory evaluation of viscosity II. Oral methods. Journal
of Texture Studies, 4(1), 111–118. https://doi.org/10.1111/j.1745-4603.
1973.tb00657.x
Smith, A. K., June,H., &Noble, A. C. (1996). Effects of viscosity on the
bitterness and astringency of grape seed tannin. Food Quality and
Preference, 7(3-4), 161–166. https://doi.org/10.1016/S0950-3293(96)
00028-6
Sun-Waterhouse, D., & Wadhwa, S. (2013). Industry-relevant
approaches for minimising the bitterness of bioactive compounds
in functional foods: A review. Food and Bioprocess Technology,
6(3), 607–627.
Wood, F. W. (1968). Psychophysical studies on the consistency of liq-
uid foods. Rheology and Texture of Food Stuffs, SCI Monograph,
(27), 40–49.
Zhang, Y., Zhu, Y., Zhao, N., Wu, J., & Hu, Y. (2016). Applica-
tion of isothermal titration calorimeter for screening bitterness-
suppressingmolecules of quinine. Food Chemistry, 190, 1007–1012.
https://doi.org/10.1016/j.foodchem.2015.06.070
How to cite this article: Manninen, H., Sandell,
M., Mattila, S., Hopia, A., Laaksonen, T. Comparing
the taste-modifying properties of nanocellulose and
carboxymethyl cellulose. J Food Sci.
2021;86:1928–1935.
https://doi.org/10.1111/1750-3841.15711
